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@ . SoUARB-THENTY SYSTEM SUMMARY

A, Mission Objectives /

The primary objectives of the Square-Twenty System (Mission 7223) are
to receive and recognize the desired signal of interest, and to locate its
geographical coordinates.

B. Signal Of Interest

The signal of interest is a pulse position modulated (PPM) signal in
the frequency range of 1550 to 1750 Mcps (twenty-one 10 Meps channels) .

The peak power of the pulsed carrier at the transmitter output termiral is

nominally +43 dbm. The signal PV is about 0.5.us and average PRF of the
composite wave train applied to the transmitter is either 96 or 192 Kpps.
The 96 Keps signal represents 12 data channels, each sampled at an 8 Keps
rate. The signal modulation frequency range per data channel is 300 to

‘ 3400 cps.

C. System Hardware Description

The payload system is comprised of two directional antennas, two
receivers, a dual channel recorder/reproducer, and a telemetry system. This
hardware is mounted on the aft rack of a stabilized Agena which revolves
about the earth in a nominal 200 nm polar orbit. The stability of the
vehicle will be maintained within‘il.QSO gbout the roll, pitch, and yaw axes.
The life of the vehicle is anticipated to be 7 to 10 days.

The directional 6° pencil beam antenna is pointed along the vehicle
nadir and the energy that it intercepts is presented to the pencil beam
receiver channel. The 6° x MSO fan beam antenna is oriented such tha£ the
wide portion of its beam is along the vehicle path with the upper and lower
3 db points forming angles of T0° (horizon) and 25° respectively with the

l vehicle nadir. The fan beam antenna feeds the fan beam receiver channel.
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D. System Performance
1. Direction Finding Ability.

The pencil beam receiver system can geographically locate the
target emitter within 20.8 nautical miles, excluding vehicle attitude
and timing errors. The fan beam receiver system covers a relatively
large geographical area thereby enhancing the probability of intercept.
The degree of resolution will vary widely, depending chiefly on the
duration of the intercept.

2. Receiver System. |

The dual receivers cover the frequency range from 1550 to 1750
Meps. The target emitter frequency can be measured to within +5 Meps,
and the peak power within 3 db from -97 to -57 dbm.

. Because of the limited telemetry bandwidth available to convey
the received information, a relatively narrow-band video processor is
employed, rather than a wide-band video analog device, for the purpose
of recognizing the target signal. 1In each receiver four sharply tuned
filters( 100 cps bandwidth) are used to monitor the video signal for
the presence of four discrete frequency components. Two of these com-
ponents, 96.0 Keps and 192.0 Keps, would normally be contained in the
12 channel target signal, while the other two components, 91.8 Keps
and 191.8 Kcps, would not be present therein.

A simaltaneous comparison of the relative amplitudes appearing in
each filter provides sufficient information to decide whether or not
the received signal was the one of interest.

The four discrete frequency components are down-converted to 150

‘ cps signals, and then frequency multiplexed on the two tracks of the

—CIRET-SPECIAL HANCLING
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orbital tape recorder. The payload scystem Is turned on over the
geographical area of interest. The recorded data are later telemetered

to the vehicle tracking stations.

ANTENNA SYSTEM

The two antennas are deployed when the vehicle achieves orbit. The pencil

beam antenna is directed to intercept the near- 9¢° side lobes and the fan beam

antenna to intercept the main beam and higher amplitude side lobes of the ground

emitter antenna, whose main beam (14° horizontal x 8° vertical) is directed

toward the horizon for line-of-sight communications.

A,

Pencil Beam Antenna

The pencil beam antenna is a 6 ft. diameter parabolic dish which is
oriented such that its 6° pencil beam (+26 db directional gain relative to
isotropic) is directed along the nadir, or offset by a small angle to
optimize intercept probability. The pencil beam pattern projects as a
circle on the earth whose diameter, based upon a 200 nm orbit, is 20:8 nm,
The field of view includes about 37L square miles and the ground target
emitter will be in the field of view for a maximum of 5.2 seconds (assuming
the vehicle speed is approximately 4 nm/sec.) depending on its offset from
the center of the field of view. The pencil beam antenna provides pinpoint
location (within 20.8 nm) by intercepting only the extreme lower amplitude
side lobes of the ground emitter antenna (20 to 40 db below isotropic) as
the vehicle passes directly overhead.

Fan Beam Antenna

» The 6° x L5° fan beam antenna, whose directional gain is 17 db relative
to isotropic, is a 6 ft. long curved rectangular section (truncated cylin-
drical dish) with a parabolic taper that is positioned to look straight

forward in the direction of vehicle motion with the wide dimension directed
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along the orbital path. The upper 3 db point of the 45° beam intercepts
the earth's horizon at an angle of about 70° with the vehicle nadir, and

the lower 3 db point at an angle of 250 with the nadir. The slant ranges
for these angles are approximately 1240 and 368 nauti%ﬁl miles respectively.
The fan beam projection on the earth is a nominal’;iﬁgqb nm long; it is 38
nm wide at the 25° beam point and gradually widens to 130 nm at the horizon.

Coarse positional fix information may be obtained from the fan system
by noting the duration of successive intercepts, signal peak power, thé time
of occurrence, and the period between the intercepts in both channels. If
the intercept occurs only in the fan channel this implies that the signal
received is either outside the 20.8 nm wide pencil "scribed” path or the
lower amplitude side lobes of the signal are of insufficient power to be
received.

The attitudes of the fan and pencil antennas may be adjusted slightly
from the angles described herein to optimize signal intercept probability.
Intercept Time Correlation Between The Pencil And Fan Systems

As the vehicle moves in a northern direction, for example, the fan
antenna intercepts ground emitter signals at the horizon whose main beams
are pointed in a southern direction and are within the "view" of the fan
beam. Then the higher amplitude side lobes of the ground emitter are inter-
cepted,'and finally the lower 3 db point passes out of range of the béam»
about 290 seconds after initial horizon contact. The pencil beam follows
in the same path traced out by the fan beam, except that the width of the
path is considerably narrower, and should intercept the lower amplitude near
-90° side lobes of the same ground emitter approximately 310 seconds after
the signal was first seen at the horizon. This assumes that the signal was

in the center of the fan beam within +10.4 nm when at the horizon.




NRO APPROVED FOR RELEASE=—"Cvrir¢
1 AUGUST 2015

AW0188L

Probability of Intercept

The probability of intercept and the number of intercepts are higher
for the fan beam system when compared with the pencil beam system. The
directive gain is O db less and the signal attenuation due to space loss is
up to 15 db more than pencil beam channel, but the fan beam is directed
toward the main beam and higher amplitude lobes of the ground emitter signal
whereas the pencil system intercepts the near - 90° side lobes. Also the
area of earth coverage by the fan beam is 974,000 square miles compared to
374 square miles for the pencil beam. Link calculations reveal, assuming'
the sensitivities at the input to both receiver channels to be -97 dbm that
ﬁhe directive gain of the ground emitter antenna must be egual to or greater
than 10 db to be intercepted by the fan beam at the horizon, compared with |

equal to or greater than -14 db for the 90° side lobes to be intercepted by

the pencil beam directly overhead.

ITI. PAYLCAD RECEIVER SYSTEM

A.

Ceneral Receiver Description

Electrically the fan beam and the pencil beam receivers are identical,
except in their data presentation of the "no modulation" signal outputs as
will be described. The receiver block diagram is shown in Appendix I. The
two receivers are independent, except that they shaie common sweep circuitry,
local oscillators, blanking circuitry, band marker generator, and on-orbit
calibrator. Their sensitivities are -97 dbm; they are synchronously swept-
tuned (non-locking) linearly across the 1550 to 1750 Mcps frequency band in
1.8 seconds with an additional 0.2 seconds flyback time. Each new RF sweep
begins 1n synchronism with the vehicle clock. Carrier frequency is measured
within +5 Mcps by noting the time position of the intercept within the sweep

period.
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The receivers have linear-logarithmic 3.3 Mcps IF bandwidths capable
of compressing 40 db RF dynamic range to 25 db at the output of the video
peak detectors. Each receiver employs 4 active narrow-band filter detectors
subsequent to its video amplifier for the purpose of identifying whether
particular modulation frequencies are present in the signals received. Full
particulars concerning the narrow-band filter detectors are given below iﬁ
part F-3.
RF Section

The energies from the fan and pencil beam antennas are fed to the fan
and pencil beam receivers, respectively. The following discussion pertains
to either receiver channel. The RF energy from the antenna is directed
through a low-insertion-loss directional coupler to the fixed-tuned, 200
Mcps pass band, tunnel diode RF amplifier. The RF energy from the on-orbit
calibrator also passes through the directional coupler, which serves to
isolate (25 db) the antenna and the calibrator. The receiver pass band is
further limited by employing 1,925 Mcps low-pass filters on each side of the
RF amplifier. The filter response is below 40 db from 2,400 to 5,400 Mcps
where the filters again pass the signal. The effective noise figure for the
receiver is 5.0 db maximum.
Mixer Section

The fixed-band RF energy is mixed with the L0 frequency which is tuned
linearly from 1520 to 1720 Mcps in 1.8 seconds. The mixer provides 20 db of
image signal rejection as a result of using two hybrid 90O couplers, two
palrs of balanced modulators, and a hybrid ring power splitter. |
IF Amplifier Section

The IF section is comprised of a pair of 30 +k Meps preaﬁplifiers, each

one following a balanced modulator, and a linear-logarithmic 30 +1.65 Mcps
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amplifier which compresses a 40 db BF input dynamic range to 25 db at the
output. The first 10 db of the response is linear. The effective receiver
passband for any particular LO frequency is 3.3 Meps.
A bandpass filter follows the log IF amplifier. It has a 3 db band-
width of 3.6 Mcps and a 40 db bandwidth of 8.3 Meps. Its center frequency
15 30 Meps.
Video Amplifier
The recelver design, from RF to video, is optimized to provide maximum
video output S/N for signals whose pulse widths are nominally 0.5 ms. The
video amplifier preserves the 25 db receiver output dynamic range and
provides sufficient signal to drive three video data processors, i.e., (1)
via a delay line pulse stretcher and buffer amplifier to provide a wideband
1 Mcps video output (not used in Mission 7223), (2) a video peak detector,
and (3) the four narrow-band filter detectors.
Video Processors
1. Wideband Video Amplifier
The delay line pulse stretcher is adjustable such that the recelver
wideband video output pulses can be stretched from 0.5 to 5.0 micro-
seconds. A 1 Mcps reference tone (sine wave) is added to the fan beam
receiver channel wideband video for the purpose of monitoring wow and
flutter of the wideband orbital recorder (not used). The frequency
tolerance of the oscillator is +15 ppm at 25%C. The maximum frequency
deviation is +30 ppm from O to 159%F.
2. Video Peak Detector
The peak detector employs an equivalent RC circuit that has a short
charge time and a long discharge time constant. Tt depends on a minimum

charging time of 7.2 ms during s 2 millisecond period to perform its
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its function properly. This corresponds to 16 pulses of 0.45 us
duration each. The pulses charge the capacitor to within 15 of its
final value. The resistance in the discharge path is sufficiently
great to hold the capacitor charge to within 1% of its maximum value
for a minimum of 3 Ms, the time required to be within the transient
response of the peak detector telemetry channels. The 25 db output
voltage range of the peak detector will be calibrated in terms cf the
LO db RF input dynamic range.

The peak detector circuit is capable of resolving carrier frequency
bands within +5 Mcps, except in the case where a high-level signal is
adjacent to a low-level signal. The peak detector output will appear
as a sinx over x function as the receiver sweeps through the high-level
signal, and its lower order side lobes may cover over the low-level
adjacent channel signal thereby making the latter undetectable.
Narrowband Filter Detectors

Sipce the wideband video signal is not being telemetered, another
method is used whereby certain frequency components are filtered frbm
the video smplifier output and "read out" for the purpose of identifying
the signals received. The signal of interest is known to contain very
stable 96.0 Keps and/or 192.0 Keps frequencies, and does not contain
ﬁodulation frequencies below 300 cps. For example, a spectrum analysis
of the 12-channel signal of interest appearing in the receiver video
amplifier output would contain a 96 Kcps.channel rate frequency, and
the second harmonic thereof (192 Keps). The nearest frequencies to the
channel frequency and its harmonic should be 95.7, 96.3, 191.7 and 102.3
Keps. The pencil and fan beam receivers each employ Ut sharply tuped

filters to analyze the frequency content of their respective video
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signals. Two of the filters (96.0 Kcps and 192.0 Kcps) are tuned to the
channel-rate frequencies of the signals of interest and the other two
{95.8 and 192.8 Kcps) are tuned to frequencies not contained in the
signal. Thus every signal received may be snalyzed for frequency content
by noting the relative amplitude levels appearing in each of the four
filters, and a judgement can be made as to whether or not it has the

characteristics of the signal of interest; i.e. if the energy appearing

gt the 96.0 Kcps filter is many times greater than energy appearing in
the 25.8 Keps filter, and/or the energy appearing at the 192.0 Kcps
filter is many times greater than the energy in the 191.8 Xecps filter,
the signal is said to have been identified.

The video signal is passed through a limiter, which eliminates the
upper 15 db range of the video amplifier, and is presented to four
parallel narrow-band filter detectors. Each narrow-band device includes
a mixer, stable local oscillator and 150 +50 cps band-pass filter. Each
local oscillator is tuned to a frequency that is 150 cps above or below
the desired filter frequencies. It is necessary to "down convert” the
96.0, 192.0, 95.8, and 191.8, Kcps frequencies to a lower frequency
such as 150 cps in order to conserve information bandwidth.

The four crystal oscillator frequencies are held to within +150 ppm
over the O to 145°F temperature range.

The 150 cps active filter bandwidth is 134 cps at -3 db and 242
cps at -30 db.

In the pencil beam receivér each of the four 150 cps filter output
frequencies moéulates a voltage-controlled oscillator whose output is
directed to the telemeter system. In the fan beam receiver only the
150 cps analog signals proportional to the 26 and 192 Keps "yes" fre-

quencies are made available for analysis. The "no’ or "not" frequencies
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are combined via a comparator circuit into a four-level digital sicnal.
The "yes" sipnal amplitudes are compared with the "no" signal amplitudes
resulting in four possible conditions as described below in Part H.
The four-level signal modulates a voltage-controlled oscillator and
thereby serves as a "recognition” signal for the fan beam channel. It
is important to note that ﬁhis signal should not be relied upon
entirely as an indieator for whether or not to monitor the "yes"
signals from the fan beam channel. The digital level indicates recog-
nition if either or both of the "yes" energy levels are 15 db or greater
than the "no" levels. If the received signal power is marginal (near
-97 dbm) it is possible that the energy in a "yes" filter could be
considerably greater than the energy in its "negative" counterpart, but
not 15 db. Thus there would be no recognition indication; however, the
received signal ?ould be the one of interest.
Also a two-level recognition signal is developed as a byproduct
of the four-level signal. It therefore‘has the same limitations as
the four-level signal, and it provides a recognition indication only if
the video amplifier S/N exceeds about 4 db and either of the two 15 db
S/N level requirements is exceeded. The two-level signal is routed to
the payload commutator, and to the wideband recorder to serve as a

"start signal”. The wideband recorder will not be used in Mission T223.

Receiver Outputs Avallable For Analysis

Signal outputs recorded during the payload system operation period and

later replayed via the telemetry link for analysis are as follovws:

1. Payload commutator - provides'payload temperature and power. supply
voltage data; vehicle time; radio freguency monitor, fan beam

channel recognition indicator (2 level), and on-orbit calibrator

on-off monitor.
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Pencil Beam Chamnel - 5 analog outputs, one RF peak detector, and

N

four 150 +50 cps filter outputs whose energies are proportional
to the amplitude of the 96.0, 95.8, 192.0 and 191.8 Keps fre-
quencies contained in the received signal video.

3. Fan Beam Channel - 3 analog outputs and one four-level digital
output. The analog outputs are the fan beam RF peak detector and
two 150 +50 cps filters whose outputs are representative of the
96.0 and 192.0 Keps energy detected in the fan receiver video.
The four-level digital output serves as a recognition indicator
for the fan channel. It is derived from threshold and comparator
circuitry which logically examines the video signal threshold and

compares the amplitude ratios of the four 150 cps filters

. identical to those used in the pencil channel. The four-level

digital signal was developed in lieu of using the analog outputs
of the 95.8 and 191.8 Kcps detectors because: (1) only one tele-
metry voltage-controlled oscillator is required to convey the
digital signal while two would be required for the analog signals,
(2) a recognition signal was required to start a 1 Mcps recorder
(not used for this mission).

H. Recognition Signal Outputs

¢
Two recognition signal outputs, one two-level signal, and one four-level

signal are available for analysis from the fan beam channel only. Thg four-
level signal is a logical signal, developed as mentioned above in paragfaph
G, which relates the following information zbout the signal received: |

1. Level 1 - negative recognition (0.0 V)

2. Levels 2, 3 and I respectively: the 150 cps energy from the’ 96.0

Keps detector is greater than 15 db above the 95.8 Keps detector

——eRRRE QT T A TOmAMTT
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energy (1.65 V); the 150 cps energy from the 192.0 Keps detector
is greater than 15 db above the 101.8 Keps detector energy (3.3 V);
both of the last two statements are true (L.95 V).

The two-level signal is developed from the four-level logic. It provides

the following information:

1. 0-VDC level - negative recognition.

2. 4.5 vV peak, 100 MS pulse - implies that both the peak RF signal
pover at the fan receiver input terminals is equal to or greater
than -3 dbm, and the 96 Keps detector output is 15 db greater than
05.8 Keps detector output and/or the 192 Kcps detector output is
15 db greater than the 191.8 Kcps detector output. The two-level
recognizer is disabled during the on-orbit calibrator period.

I. On-Orbit Calibrator
An internal payload calibrator simultaneously applies signals to both
receiver RF amplifiers to verify normal payload performance. The character-
istics of the calibration signal are:

1. Power: -87 +3 dbm.

2. Freg.: 1575 + 2 Meps.

3. Duty Cycle: On for % second every 32 seconds in synchronization
with the vehicle clock and the receiver sweep generator.

L, Modulation Signals: On odd-integer multiples of 32 seconds the RF
carrier is pulse modulated at a 96 Kcps rate thereby causiné 150
eps energy to appear.in the 96.0 and 192.0 Kcps detector ocutput
circuits and no energy in the "not" filter outputs. On eveg;inteaer
multiples of 32 seconds the RF carrier is pulsed by a 96 Keps wave

train which is gated on and off at a 200 cps rate thus causing
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. energy to appear in all filter circuits. The 150 cps energy
appearing in the 96 Kcps and 95.8 Keps detector is 3 db and 10 db
respectively below that for a continuous 96 Keps wave train. The
same relative ratios are true for the 192 Keps component whose
amplitude is about 1 db less than the 6 Kcps component.

J. Voltage-Controlled Oscillators
Standard IRIG VCO's are used as M subcarriers to convey the pencill
beam and fan beam channel output signals. The channel assignments are

listed:

Pencil Bean

VCO Channel Channel OQutput

Fan Beam
Channel Output

10 Peak detector Payload Commutator*
11 150 cps (191.8 Keps) Peak Detector

12 150 cps ( 95.8 Keps) Four-level Comparator
13 150 cps (192.0 Keps) 150 cps (192.0 Kcps)
14 150 cps { 96.0 Keps) 150 eps ( 96.0 Keps)

*Conveys pencil and fan beam receiver data.

The fiye VCO outputs from the pencil beam channel {pencil beam composite
video) are summed and directed to track one of the 25 chs/lOO Kcps recorder-
reproducer. The five VCO outputs from the fan channel are combined with a

stable 25 Keps reference tone (fan beam composite video) and epplied to the

second track of the payload recorder-reproducer.

The 150 cps snalop signals which drive the VCO's directly, are amplitude
limited to a 25 db range in order to be compatible with the input dynamic
range of the VCO's.

K. Planking Signals And Band Markers
#lanking Signals are generated and inserted as required in the video

processor to blank the fan and pencil channel output signals during the 0.2
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csec., flyback portion of the receiver sweep. Also h0 millisecond pulses
are added to all processed output signals which serve as amplitude cali-
bration markers. The leading and trailing edges of these markers provide
time reference points for receiver sweep start and stop. The band markers
are specifically identified in Appendix II.

IVv. COMPOSITE SYSTEM

Orbital System Description And Operation.

A block diagram of the pertinent composite orbital system showing the payload
receivers, antennas, commutators, clock, tape recorder, and telemetry system is
shown in Appendix ITI.

The payload receivers, commutator and tape recorder are turned on simul-
taneously by preprogrammed punched-tape commands for a 24 minute read-in period.

; ‘ The composite pencil beam video and the composite fan beam video are recorded
simultaneously on tape recorder tracks 1 and 2 respectively {300 cps to 25 Keps
response). Vehicle timing and payload response and status data are commutated
and modulate a channel 10 VCO which is multiplexed in the composite fan beam
video signal.

Another preprogrammed command and/or real time command initiates a 6 minute
read-out period whereupon the recorder data are relayed, at four times the read-
in speed, via two FM transmitters to the tracking station receivers.

In addition, real-time timing outputs and vehicle attitude information are
commutated by a real time "housekeeping”" commutator and telemetered via a bhira
vehicle FM link.

V. DATA ANALYSIS

A. Signal Identification, Measurement, And Video S/N Analysis.
‘ To decide whether or not the received signal has characteristics

identical to the one of interest, it is necessary to compare simultaneously

—&FRET-SPECIAL HANZLING
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the amplitudes of each of the 150 cps signals contained in a given receiver
channel composite video signal, i.e., for example, in the pencil channel
note the simultaneohs S/N's of the peak detector and the fqur narrow-band
detector outputs. The bursts of energy from the detector outputs are
delayed about 15 Ms from the peak detector output because of the rise time
of the 150 cps filters. The center of the burst of peak detector energy
relative to its time position between the band start and end markers
determines the received signal frequency. The peak detector S/N is directly
proportional to the received signal RF power. The pesk detector S/N measure-
ment may be used as & guide to decide whether or not to analyze closely the
narrow filter outputs. Received signals whose peak powers are greater than,
say, -80 dbm, are not likely to be the signal of interest.

The S/N ratios of the four narrow-band detector outputs should be care-
fully analyzed since they provide the greatest weighting for signal
identification. To understand the implication of the narrow-band filter it
is necessary to consider the characteristics of the video processor and its
associated interface. Refer to the receiver block diagram in Appendix I.
The wideband video signal input to the narrow-band detector is limited to 10
db maximum and the narrow-band output is confined to a nominal 25 db dynamic
range. It is possible to predict the S/N appearing at the output of a given

narrow-band detector using the following expression:

Narrow Band Video C/A
NIF
Detector Output S/N = S/N + +
put S/’ / (am)
(av) (av) (dv)

Video S/N (db) is the signal-to-noise, expressed in db, at the iAput

‘ to the narrow-band detector.

C is the amplitude»in volts of a frequency of interest contained in the

receiver video, e.g. 96 Keps.
’ (_'!
RN &,,(J,)
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A 1s the amplitude in volts of a PPM pulse train contained in the
receiver video.

C/A (av) is 20 log C/A and varieé as a function of pulse width, duty
factor and percentage channel modulation.

NIF (db) is the signal-to-noise improvement factor (in db) gained by
band-passing only 100 cps out of a 1.65 M cps video signal.

For illustration consider a 12-channel signal with the Following
data

characteristics: pulse width 0.7 usec, sync channel modulation 10%,

channel modulation 40%. To determine the narrow-band detector output signai-

to-noise ratio for a 96 K cps component proceed as follows:

Narrow Band Video Video
= + (-19.6 @b) + 37 db = + 17.h dv
Detector output S/N (db) s/ (dv)
s/N (dv)
Note: The 96 K cps component is about 19.6 3db below the video

peak signal.
The NIF (db) for a 150 + 50 cps filter output is about 37 db.
If the resultant expression is evaluated for a video S/N range of O to

10’db the narrow-band detector output range for this particular signal is
17.4 db to 25.0 db, i.e. signals 7.6 db gﬁgvebfhe nominal receiver sensitivity
of -97 dbm would be limited tQ:éE:ﬁir;:;;use of the filter output range
restriction, and signals 10 db or greater than -97 dbm would also be
limited because of tg? 10 dQWEE;EE“;%5§§§E>On the narrow-band detector input.
The latter limitation is of ;gwggénificance in this example since theioutput
range limitation prevailed first, but may take precedance in other situations.

In this particular example, the input signal power can be less than -9

dbm, thereby resulting in 2 negative wide vand video S/N, and yet provide a

positive narrow-band detector output S/N ratio as large as 17. L av.

+ /4 el bm Gy ’{f T ST

woamed AT
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Consider, for comparison, a 12-channel signal identical to the previous
except that all channels are present but not modulated. c/A is about -17.h4
dv therefore the narrow-band-output range wculd vary from 19.6 to 25 db if
only positive wide-band video S/N ratios were considered.

Consider another example for a 12-channel signal identical to the
previous except that all data channels are modulated at 80%. C/A is about
-31 db thus the narrow-band output range would vary from 6 to 16 db if only
positive wide-band video S/N ratios were considered.

In summarizing it is apparent from the preceding equation and the
associated examples that the output range of the narrow-band detectors is
restricted to 2 maximum dynamic swing of 10 db which may occur anywhere in
the 25 db output range (.28 to 5.0 volts). This conclusion is based on
positive video S/N ratios only. The relative position of the 10 db band
within the 25 db range is determined by the signal power, pulse width duty
fTactor and percentage channel modulation, and the narrow-band filter
detector noise improvement factor. The 10 db bénd is widened when negative
video S/N ratios are considered, the degree of which is directly related to
the capability of the narrow filter to remove the desired signal from the
video noise.

Knowing the general capability of the video processor and recalling the
signal identification criterion established in ITI-F3 it is interesting to
note that any of the following combinations, referred to as "cases", of §/N
ratios could be due to a valid signal. Only the 96 K cps "yes" filter and

he 95.8 K cps "no" filter are considered in this illustration.
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. Possible Filter Combinations Due To Valid Signal
"Yes" Filter Output "No" Filter Output
Case S /N Range §/N Range
1 to 1 db 0 db
2 15 to 25 db 0 to 10 db
3 filter output saturated {( 25 db); 10 db to saturation;
or limited to a 10 db hand or limited tc a 10 db band
within the 25 db range within the 25 db range

Case 1 indicates that the received signal may be defined as valid wich
as little as 1 db 5/¥ appearing in the "yes" filter. Obviously the con-
fidence factor improves directly as the yes-to-no ratio increases. Case 2

shows the range of optimum receiver performance. The yes-to-no ratio of 15

db used in the fan channel recognition circuitry should not necessarily be

x considered as the ultimate signal identification ratio when evaluating the
. pencil channel analog signals.

Case 3 is theoretically impossible since there is no 200 cps eunergy In

| ' the modulation signal, and no 95.8 Keps carrier sidebands exist; but
practically it should be considered, especially since the dynamic range of
the narrow-band filters could be limited to 2 O to 10 db S/N band over the
25 db VCO input amplitude dynamic range. Depending on the amount of 95.8
Keps noise present, particularly in the fan channel which views a relatively
large geographical area, it is possible to have enough energy appear in the
95.8 Keps filter output to affect the valid signal confidence factor.

A detailed analysis of the fan beam channel data will be more difficult
relative to the pencil beam channel in regard to determining whether or not
the received signal was valid, because only two analog "yes" signals and &
four-level digital recognition signal are available. The digital logic

’ responds as indicated in Part IIT-¥. This signal would indicate positive

_SALT.SPICIAL HANDLING
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recognition for Case 2 only. It would never indicate recognition for
Case 1 and may or may not indicate recognition for Case 3 depending on the
relative yes-to-no ratios. |
Data Correlation Between Receiver Channels

Tt is desirable to correlate signals appearing in the pencil channel

with those in the fan channel particularly since the pencil channel refines

the geographic location.

There is a time lapse b;tween when the signal appears in the fan
channel and reappears in the pencil channel which may vary from 20 to 310
seconds. Thus it is necessary to slide the data from the pencil channel
backward along the time scalb and correlate them with signals in the fan

channel which have identical carrier frequercies.

Duration of Signal Intercept

.

Pencil Beam Channel - The pencil beam antenna intercepts any particular
ground emitter signal for a maximum period of 5.2 seconds, assuming tae
vehicle speed to be I nm/sec. Therefore a maximum of 2 successive bursts of
energy, spaced 2.0 seconds apart, will appear in the receiver video. One
burst occurs each time the receiver sweeps through the RF carrier (receiver
sweep rate - O Ms/Mcps) and each burst lasts about 29 Ms (effective
receiver bandwidth - 3.3 Mcps.)

Fan Beam Channel - Theoretically the fan beam antenna couvld intercept
a ground emitter signal for 200 seconds, thus 15 consecutive bursts of
energy would appear in the fan beam receiver video. The burst duration and
the spacing between intercepts is the same as for the pencil beam channel.

Receiver Link Calculations
A comparison of the link calculations for the fan beam and pencii bean

receiver channels shows that for signal identification in the fan receiver
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. chennel the rround emitter anteana gain must be +10 db or greater at 70
{horizor) end © db or rrester at 25° (lover 3 db point), and for signzl
identification ir the pencil receiver channel the ground emitter antenna
/,/f’ }(ﬂ‘"' G A T
~ain (Jower order sice lobes) must be -1 @b or {{reator.
R il = et dbr
V‘“ gt These resulis were obtained using the follov"n express1oA'
’ - N x
.- R - P _
J e b Mdndmmm . Receiver e Gk
; I Ground Space Sensitivity Ground 3 db Point
i ) Emitter = Atten. + Required - XWMTR - Gain of
¥ Antenna Ir For Simeal Peak FWR Receiver
’ Gain nP Identification in DRI Antenna
. In D7 In DR
/’i} 0’+f;§»-(:z.p
J'wn .
;A:§.< s Receiver Ground DB
e Antenna Space Receiver XMTR Receiver
Zyip arT (P s Angle With Range Atten. Sensitivity Peak Pur. Antenna
Y fadir (1) (pB) (DeM) (DBM) Gain
AN A
7¢O (Horizen)  12k0 14k 8% (Fan b3 1% (Fan)
P Chan)
50 358 15k -2 (Fan i) 1k (ran)
. g C\Aai’?)
b (I 50 (Hadir) 200 1he 4% (Pencil k3 23 (Pencil)
' rn
FNAR e > ST e /4. /4¢3 Chan ) QT Tt
A 260 nm orbit is assumed.
5 T.  PavloaG Timing
‘i"{' . Lo . . A special 22 hour (nominal)cleck is incorporated in the vehicle which
Laten Aol
| o serves to back up the t-timer data, and provides timing resclution during
the vead-in period. In addition to its five eipht-level timing outputs (&
a . .o
second least sirnificant hit) it has a 1 pps output which is used to

seconds.

sxmchronize the start of each recelver freguency

sweep once every two

(Recall that both receivers are swept simultaneously by a common

.
+

wi

e ol oa T
Uent s 70 j rarp penerator.)
s B ) I" o : - R . - P .
The five velilcle Himing outputs are recorded during the pavload read-i
Aa
RN L period.  They are read out with the other recorded datn when the vehicle
/.‘ . e, , pOESES Over the tracking station. VWhile the stored Jdata are beins read out,
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the clock 4 sec level is also read out, thereby vroviding evidence that

. 3 » a 3
the vehicle clock is functioning, and a coarse reference to check the

timing accuracy of the H-timer data.
\“v“w,. . PES e

VI. CALIERATICN DATA

System level calibration data will be provided in a supplement to this

document.
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P/D
LPF

RF TDA
HYB coup
IF P/A
Ir o/a
DET
V/A
BIK
MKR
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AVO18Ph

AFPENDIY T ABBREVIATIONS

Directional Coupler

Power Divider

Low Pass Filter

Radio Frequency Tunnel Diode Amplifier

Hybrid Coupler

Intermediate Frequency Pre Amnlifier

IF Output Amplifier

Detector

Video Amplifier

Blanking Signal

Marker Sienal (Band End and Band Start)
Unijunction Transistor Oscillator

Rand Width

Stretcher

Summing Amplifier

96.0 KC Energy Present in Video Signal

95.8 KC Energy Present in Video Signal

192.0 KC Energy Present in Video Signal
191.8 KC Energy Present in Video Signal

Narrow-Band Video

Wide~Band Video
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PAYTOAD COMMUTATOR INSTRUMENTATION OCHEDULE

Comm, Comm.
Chan. 0.T.E. ‘ Chan, C.T.E.
No. No. Moniteor {Voltage Level) No. o. Monitor {Voltage ievel)
1 1 Freq. (1 to 5 V) 31 1 Freq.
2 2 Tan Recog. (0; 4.5 V) 32 2 Recog.
3 3 +28 V Rep. (L.6V) 3 ) Puwr.Supp. Temp.#1 (.3 to SV)
i L On-orbit Cal. (0; 4.5 V) 3k 4 On-orbit Calib.
5 Vehicle clock - b sec. 35 Spare
o) 1 Treq. 36 i Freq.
T 2 Recog. 37 2 Recog. ‘
8 5 +h, & -6V Pur.Supp.(2.0V) 38 10 +12 Reg.Pwr.Supp. (M.5V)
9 cal 7 39 Veh. Clock -2,0h8 seec.
10 1k 200 MS Rlanking (Flyback) ho 1 200 MS Rlanking
11 1 Freq. L] 1 Freq.
12 2 Recog. ko 2 Racog.
13 6 +12 V Pwr.Supp. (4.5 V) L3 11 Pur. Supp.Temp.#2 (.2 to 5V)
1k Veh. Clock -32 sec. il Spare
15 Spare - Lg Veh. Clock - It sec.
. 16 1 Freq. _ hé 1 Freq.
17 2 Recog. g o Recog.
18 Rectified LO RF Pwr. (2 5V) L8 12 On-orbit Cal Osc.Temp.
(.3 to 5V}
19 L On-orbit Calib. Lo L On-orbit Calib.
20 Spare 50 Spare
21 1 Freq. 51 1 Freq.
22 2 Recog. 52 2 Recog.
23 8 +6, & -8V Pwr.Supp. (lL.5V) 53 13 Grd.plane Temp. (.3 to 5V)
oL 1k 200 M5 Blanking 5L Veh. Clock - 16,38l sez.
2 Veh. Clock - L sec. 55 1h 200 MS Blanking
2 1 Freq. 56 1 Freq.
27 2 Recog. 57 2 Recog.
48 . Veh. Clock - 256 sec. 58 Syne
29 Cal + 59 Syne
30 cal . 60 Syne

—SPERET.SPECIAL HANCLING
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SQUARE TWENTY
SYSTEM CALTBRATION DATA

MISSION 7225

THTS DOCUMENT IS A SUPPLEMENT TO AWO188k4, 12
AUGUST 1965, "SQUARE TWENTY SYSTEM TECHNICAL

. : DESCRIPTION"
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7225 CALIBRATION DATA PARTICULARS

‘1. CALIRRATION DATA CONSTANTS
A. Temp: T7T5°F unless noted.
B. Tow pass filters used to generate CEC records from which calibration data

was reduced:

SCD LPFran LPFpry
10 125 cps 160 cps
11 160 cps 160 cps
12 160 cps 160 cps
13 160 cos 160 cps

N 225 cps 225 cps

C. Values for calibration markers used to obtain Cal data from CEC records.

Values were measured at receiver test points.

Receiver Band Start Rand End

OQutputs Markers Markers
PK DET, +2.h 4.85
FopEN ~2.h5 2.4
Foprn -2.h 2.3
OF opRN -2.5 2.4
Fopmy -2.h 2.3
PK DETppy 2.5 5.0
Foran | -2.h +2.5
2FopAN +2.h 2.6
L Tevel Detector +2.h +4.8

FSTLCLLL TIANBLING
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AWO0188L Addendum

SCOPE OF CALIBRATION DATA

All calibration déta represents receiver performance via the entire orbital
system.

ON-ORBIT CALIBRATOR

The internal Radio Frequency Calibrator (RFC) power response was measured and
superimposed on the power response graphs. The Inout Signal power required

to equal the RFC power response of the particular detector is shown. The
Input Signal constants, which are applicable, are listed on the graphs.

FAN BEAM CHANNEL CALIBRATION DATA

In general the calibration curves for the pencil receiver will suffice for
the fan receiver. If a moreAprecise fan beam receiver calibration
dats accuracy is desired, see the tabulated chart which shows the "fine"
differences between the fan and pencil receiver response to input signal power

and the on-orbit calibrator.
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